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[bookmark: _Toc155896313]Abstract
[bookmark: _Hlk155898631]Throughout this report, a study is carried to determine the value of a power factor correction capacitor using a series of mathematical equations. From this, it was determined that as the power factor increased, the reactive, or wasted power decreased and therefore improved the overall efficiency of the AC system. With the aid of phasor diagrams, it was concluded that resonant frequency also contributes to the efficiency of an AC system and leads to maximum power transfer. With the use of graphs, it is also shown how the circuit turned from inductive to capacitive by increasing the power factor correction capacitor value. 


[bookmark: _Toc155896314]Introduction
[bookmark: _Hlk155898655]An RLC circuit is a circuit made from three passive components, a Resistor(R), an Inductor (L) and a Capacitor (C) [1]. These components can also be used to make RL, RC and LC circuits. Common connection methods for these circuits include Parallel and Series and sometimes a combination of both [2]. Depending on how these circuits are connected, it will determine how the circuits work and what applications they can be used for, such as Filters, Time-Delay circuits, and energy storage [3]. An example of an RLC circuit can be seen in Fig 1 below.Fig 1: RLC Circuit in Series [4]

[bookmark: _Hlk155898669]AC system circuits have different characteristics depending on the type of circuit it is. For example, a capacitive biased circuit will have the currents phase leading the voltage and in a more inductive biased circuit the voltage phase will lead the current. Additionally, the characteristics of the RLC circuit will change depending on whether it is in series or parallel. In a series RLC circuit the current will be the same across each component, whereas in a parallel circuit they will each be different. With voltage it is the opposite and is different in series and the same in parallel. As well as this, the series circuit will be at minimum impedance when the circuit is at resonance, once again this is the opposite for parallel circuits as the impedance will instead be at its maximum. 
RL and RC circuits also have their differences regardless of being connected in series or parallel. As previously mentioned, the power factor is different between the two and the Voltage will be lagging in a more capacitive circuit such as the RC circuit. Within an RL circuit there will also be more noise and interference, whereas the RC circuit will not produce any. These are all factors to consider when designing a circuit, it is important to consider the needs of the application [5]. The visual differences of the RL and RC circuit can be seen in Fig 2. Fig 2: RC and RL circuits in series [6]

[bookmark: _Hlk155898685]The last of the circuits to be mentioned is an LC circuit which consists of an inductor and a capacitor. Due to there being no resistor within this circuit there will be no energy used. Within a LC circuit there is no phase shift when at resonance [7]. An example of an LC circuit can be seen below in Fig 3.
[bookmark: _Hlk155898696]Throughout the remainder of this report, computer simulations will be used to test RLC circuits and compare them to answers given by equations. The equations will determine things such as power factor and apparent power. Using simulations will help give a better understanding of what results to expect depending on the circuit. This will show how a suitable Power Factor Correction Capacitor value can be determined to help improve power factor within any given AC circuit. Fig 3: LC Circuit in Parallel [8]



[bookmark: _Toc155896315]Method
[bookmark: _Hlk155898783]Shown in Fig 4 is a circuit diagram of an RLC circuit. Fig 4: RLC Circuit

[bookmark: _Hlk155898795]This circuit is intended to simulate an AC system. To prove the topics discussed in the introduction. The component values are listed below.
· Vs = 300V RMS, 50Hz
· Rsrc = 2.3Ω
· R = 73Ω
· L = 184mH
· The PFC is yet to be determined. With these values a graph will be plotted of Circuit Current and Load Voltage. The Phase Difference can then be determined using this graph shown in Fig 5 below.
Fig 5: LR-C Circuit and Graph showing Circuit Current and Load Voltage without Power Factor Correction

[bookmark: _Hlk155898805]From the graph in Fig 5, the phase difference can be determined using the equation,

[bookmark: _Hlk155898828]Adding the values from the graph,


[bookmark: _Hlk155898837]With the phase difference, the Active, Reactive and Apparent Power can now be determined, the Active Power being the power consumed by a circuit due to its resistive load. Before figuring out the Active Power, the RMS of the current must first be determined using the following equation. 



[bookmark: _Hlk155898846]Calculating Inductive Reactance,



[bookmark: _Hlk155898854]To calculate Impedance,



[bookmark: _Hlk155898864]To calculate current across Resistor and Inductor,



[bookmark: _Hlk155898872]With these values, the Active (P), Reactive (Q) and Apparent (S) Power can be determined.












[bookmark: _Hlk155898886]From this, Power Factor can be determined from either of the below equations,



Or,



[bookmark: _Hlk155898898]A new power factor of ≥0.95 is required, therefore the new power factor angle must be determined as shown below,

 = 18.2°
[bookmark: _Hlk155898923]Therefore, a new angle of 18.2° needs to be used to determine a suitable power factor correction capacitor value for the circuit. Shown below in Fig 6 is the Phasor Diagram for the circuit. IC
V = 300V
ILR
Ø=37.8°
Ø2=18.2°
Fig 6: Phasor Diagram of LR-C circuit with desired Power Factor.

[bookmark: _Hlk155898936]Using this Phasor Diagram as well as Pythagoras’ Theorem a suitable capacitor value can be determined for a power factor of 0.95 or above. Shown in Fig 7 below is the triangle required to use Pythagoras’ Theorem. 
[bookmark: _Hlk155898955]OACIC
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Fig 7: Phasor Triangle for Pythagoras’ Theorem
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[bookmark: _Hlk155898998]Therefore, the ideal Power Factor Correction Capacitor value is 11.98µF. As there are no actual capacitors with a value of 11.98µF, the closest actual capacitor value is 12µF. 
With a capacitance value, the resonant frequency can now be determined also,




[bookmark: _Toc155896316]Results
[bookmark: _Hlk155899081]From the above equations, several things have been determined. First, the Power Factor Correction Capacitor value. This has been determined as 11.98µF, or 12µF when rounding to the nearest real Capacitor value. Shown below in Fig 8 is a graph showing the waveforms of Current and Voltage with the Power Factor Correction Capacitor value implemented into the circuit. Fig 8: Graph showing Current and Voltage waveforms with Power Factor Correction Capacitor

[bookmark: _Hlk155899093]Graphs were made using actual capacitor values ranging from 1µF to 50µF. Fig 9 shows a graph of Capacitor Value against phase angle, using simulation software to obtain the Time difference between Voltage and Current and then using the below equation to determine Phase Angle.Fig 9: Graph showing Capacitor Value against Phase Angle



[bookmark: _Hlk155899112]The graph, shown in Fig 10, shows Capacitor Value against Power Factor. Using the Results from the Graph in Fig 9, the following equation was used to determine Power Factor Value for each capacitor value. 

Fig 10: Graph showing Capacitor Value against Power Factor

[bookmark: _Hlk155899194]
With the resonant frequency of 107.2Hz, this can be used to create phasor diagrams. Phasor diagrams for the following frequencies were created. 
· 50Hz
· 25Hz Below Resonance (82.2Hz)
· Resonant Frequency (107.2Hz)
· 25Hz Above Resonance (132.2Hz)
The purpose of the Phasor diagram is to show sinusoidal quantities and how the sinusoidal quantities relate to each other [9]. The following equations were used to construct the phasor diagram for a frequency of 50Hz. 





































[bookmark: _Hlk155899218]From these equations, the Phasor Diagram shown in Fig 11 was created. Fig 11: Phasor Diagram for 50Hz Frequency
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[bookmark: _Hlk155899227]Continuing from this, a Phasor Diagram for 25Hz below resonance was created using the below equations. 



































[bookmark: _Hlk155899242]From this, the below Phasor Diagram in Fig 12 was created. Fig 12: Phasor Diagram for 82.2Hz Frequency
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[bookmark: _Hlk155899264]The same method will be used for resonant frequency. 




































[bookmark: _Hlk155899280]Phasor Diagram in Fig 13 was created using the above values. Fig 13: Phasor Diagram for 107.2Hz Frequency
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[bookmark: _Hlk155899306]Finally using a frequency of 132.3Hz in the equations. 




































[bookmark: _Hlk155899317]Fig 14 has been created using the equations.Fig 14: Phasor Diagram for 132.2Hz Frequency
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[bookmark: _Toc155896317]Discussion
[bookmark: _Hlk155899444]From the results above, patterns can clearly be seen. Fig 8 shows the graph of the sinusoidal waveforms of the circuit with the calculated Power Factor Correction Capacitor included. The Graph shows the Voltage and Current waveforms are in phase, unlike the previous graph shown in Fig 5. Knowing that power factor is the amount of useful power being used in the circuit, the graph shows less reactive, and therefore wasted power. The key differences between the graph in Fig 5 and the graph in Fig 8 is the area of the graph where both waveforms pass through the 0 point. When at a Power Factor of 1, which is the ideal power factor, both waveforms pass through the 0 point at the same time. This is noticeable in Fig 8, as the power factor has improved it has also made the waveforms come closer in phase with each other. Due to the load in Fig 5 being mainly inductive, it is showing a lagging current from the voltage, for a more capacitive load this will be the opposite and the current will lead the voltage. Shown in Fig 8 is the two waveforms closer in phase, this is due to the capacitor being included into the circuit. Due to the Current and Voltage both being in phase, this means that the inductor and capacitor are both working at a more efficient rate, meaning that the inductor and capacitor will store and release energy at the same time as the voltage and current waveform [10]. 
Graphs in Fig 9 and Fig 10 show capacitor value against Phase Angle and Power Factor, in Fig 9 the graph shows a linear response regarding phase angle. The results show how the angle passes the 0° point and goes from a positive angle to a leading angle. This is showing how the voltage goes from leading the current to lagging the current, as the circuit becomes more capacitive rather than inductive [11]. On Fig 10, the graph shows the Power Factor increasing and then it begins to plateau between 18µF and 22µF. After 22µF, the power factor begins to drop off, this is due to the current beginning to lead the voltage and therefore its moving further away from the voltage in the opposite direction, this meaning the Power Factor is decreasing in the opposite direction [12]. 
The final thing to discuss is the phasor diagrams. Each phasor diagram shows the relationship between the values when working at different frequencies. Fig 11 to 14 all show how a phasor diagram will look when the circuit is working at different frequencies. It is clear to see that the total current of the circuit begins to lead the voltage when frequency is above resonance. This can be seen by the climb of the green (Ø) arrow. This is expected as voltage and current will be in phase with the correct power factor [13]. When at resonance, the power factor correction capacitor can overload, this will cause sudden failure to the circuit [14]. When at resonance, the inductive reactance and capacitive reactance are the same, therefore, they both cancel each other out meaning the circuit is now purely resistive. When a circuit is resistive, it means that current is at its peak and that current can flow to places where it shouldn’t, which makes the circuit a lot more dangerous [15]. A visual representation of this can be seen below in Fig 15.
[bookmark: _Hlk155899457][image: Resonant frequency as an overlapping point of inductive and capacitive reactance]This is proven from the calculations above, as when the  and  equations are used for the phasor diagram at resonant frequency both had the same value of 123.9Ω. Fig 15: Relationship between Inductive and capacitive reactance when at resonance [16]

Resonance also relates to the power factor in a similar way, this is due to the reactive power, which is wasted power, decreasing because the reactance’s are cancelling each other out. In terms of maximum power transfer, this occurs when power factor is 1. Due to the current and voltage being in phase and maximising power efficiency, this meaning that the maximum amount of power can be transferred due to less power being wasted [17]. 
[bookmark: _Toc155896318]Conclusion
[bookmark: _Hlk155899523]The study proves how calculations work to determine a suitable capacitor value for power factor correction. From this, it has been proved that a higher power factor reduces the amount of reactive power which is shown in the graph of Fig 8 as the gap between the voltage and the current waveforms. By figuring out the phase angle and power factor over different capacitor values, it gives an insight of how the transition takes place from a more inductive circuit to a conductive circuit, this was shown by the linear response in Fig 9. The curve of Fig 10 shows the plateau of power factor before the more capacitive circuit occurs and the power factor begins to decrease. The phasor diagrams have also shown the relationship between the voltage of the components, and how resonant frequency effects the total current of the circuit. The reactance of the Inductor and Capacitor both come out the same when at resonance, and furthermore aligning the current and voltage to help with a more efficient power output. 
In summary, the study shows how power factor correction capacitor values, phase angles, power factor and resonance are all connected, illustrating the dynamics that impact power transfer efficiency within AC systems.  
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Capacitor Value vs Power Factor
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